The present investigation was conducted with the main objective of studying the extent of genetic variability released through recombination, induced mutation and their combination for yield and its attributing traits in tetraploid wheat. The material consisted of segregating populations (F 2 , M 2 and F 2 M 2 ) developed from Triticum dicoccum wheat variety DDK1025 and T. durum wheat variety HD4502 after subjecting to EMS and γ γ γ γ γ -rays treatment.
Introduction
Genetic variability for economic traits is pre-requisite for any successful plant breeding program. Systematic collection of natural variability has not been made which, is one of the reasons for limited genetic variability in Triticum dicoccum Schrank. Schulb. (wheat). Hybridization is commonly used for generating variability in all crops. Further, the extent of variation released by hybridization especially in case of T. dicoccum has been often reported to be inadequate [1] . In order to create variability several workers [2] . Appearance of high proportion of parental types in segregating populations and similar associations in parents and F 2 populations implying operation of strong conservative force resulting from linkage which in turn inhibiting the frequency of desirable genetic combinations. Thus, there is limited scope for generating variability through hybridization up to certain extent. In such a complex situations, induced mutagenesis, as an alternative or as a supplement to hybridization, offers opportunities to improve the locally adapted varieties with specific traits. However, the range and frequency of desirable mutants induced may differ with mutagen and the genotype chosen for study [3] [4] . It is suggested that the application of induced mutagenesis along with crosses may be one of the means of creating the variability. Experiments on peanut and wheat showed more variation in both irradiated parents and irradiated crosses than in the next generation derived from unirradiated crosses in terms of standard deviation, and hypothesized that the variation induced by irradiation might be cumulative with that of hybridization [5] . No systematic efforts have been made so far to combine recombination and induced mutation in tetraploid wheat to generate desirable variability and alter character association. Hence, in the present study, an attempt was made to evaluate variability created by different approaches viz., hybridization and induced mutation and their combination to develop better segregants or mutants for economically important traits.
Material and methods
The material for the present study was generated using one T. dicoccum variety DDK1025 and one T. durum Desf. variety HD4502. The pedigree and other characteric features of these varieties are presented in the Table 1 . DDK1025 was crossed with HD4502 during rabi 2006-07. Half of the grains from the cross and the parental lines viz., DDK1025 and HD4502 were treated with chemical mutagen Ethyl Methane Sulphonate (EMS) at 0.4 per cent concentration in 100 mM phosphate buffer as per the standard procedure [6] . Grains (husk removed) were presoaked in water for 14 hours. The presoaked seeds were treated with EMS at 0.4 per cent for 6 hours with constant stirring. After EMS treatment, seeds were thoroughly washed with water 4-5 times then immediately sown in the field. Similarly, seeds of the cross and the parents were exposed to 200 Gy {Gy = Gray (1Gray =0. [7] . Genotypic Coefficient of Variation (GCV) and Phenotypic Coefficient of Variation (PCV) values [8] , the heritability as given by Robinson et al. [9] and genetic advance as per cent mean [10] were categorized as low, moderate and high. Genotypic and phenotypic correlations were calculated by using the formula given by Weber and Moorthy [11] . Path coefficient analysis was carried out separately by using the correlation coefficients to know the direct and indirect effects of the seven components on yield as suggested by Wright [12] and illustrated by Dewey and Lee [13] .
Results and discussion
In the present study germination was not much affected in chemical mutagen treated populations ( Table  2 ). The inhibition of germination in M 1 was considered to indicate the degree of radio sensitivity of different genotypes and the extent of damage caused by mutagen [14] [15] . In general, the results indicated that the γ -ray irradiations were more effective in inhibiting germination percentage than EMS treatments. The survival percentage of plants was found to be less in γ -ray treated populations than the EMS treated populations. Radiation induced reduction in the activities of hydrolytic enzymes resulting in lack of an energy source may be the main cause for decreased seedling survival [16] . The other reason may be chromosomal and extra-chromosomal damage of the cells [17] . Among M 1 and F 1 M 1 populations, F 1 M 1 populations showed more mean value for plant height than their M 1 population. This negative shift in mean value in M 1 for this character may be related to physiological and biochemical disturbances [14, 16, 18] , chromosome breakage [19] , levels of ascorbic acid content, inhibition of DNA synthesis and impairment of energy [20] .
The comparison of mean performance of different characters between the F 2 , F 2 M 2 and M 2 populations indicated an increment in mean value in F 2 and F 2 M 2 for grain yield/plant and other traits. The results suggested the occurrence of desirable mutations in the polygenes and effectiveness of irradiation in creating additional variability as evident from the higher mean values for grain yield in the F 2 M 2 population. Similar trend was reported for no. of tillers/ plant, no. of spikelets/spike, no. of grains/spike, 1000-grain weight and grain yield/plant in winter wheat [14] . Shift in the mean towards positive direction was observed in M 2 populations compared to F 2 and F 2 M 2 populations for the characters, days to 50% flowering, plant height, spike length, no. of spikelets per spike, number of grains per spike and thousand grain weight. This is attributed to the elimination of the undesirable and lethal factors in M 2 generations, while these unfavorable alleles in heterozygous conditions were maintained in F 2 and F 2 M 2 thereby exhibiting low mean performance in F 2 and F 2 M 2 compared to M 2 population. However, differential level of mean performance for most of the traits in F 2 M 2 and M 2 populations is primarily due to differences in genotypic response to mutation involved in the hybridization program. The positive shift in mean values through irradiation of the crosses as well as in the parents, promises a scope for further improvement in traits like spike length, 1000-grain weight and other characters in subsequent generations [14, [21] [22] [23] [24] .
In general, irradiation increased the range of all the polygenic traits studied. The irradiated populations (M 2 ) showed a wider range than F 2 and F 2 M 2 populations for all the characters except for days to 50 per cent flowering and number of productive tillers per plant. An upper limit of range was found to be more in M 2 in comparison to F 2 and F 2 M 2 populations for those characters. This showed that irradiation alone has been useful to enhance the variability compared to hybridization or combination of hybridization and mutation. The increased range of variation in M 2 population for important economic characters was in accordance with the earlier reports [15, 21] . However, the difference between PCV and GCV values was more for the spike length in all seven segregating populations reflecting on large environmental coefficient of variation (Table 3 ). In general, the irradiated populations revealed the highest PCV and GCV for all the characters, except for plant height, spike length and no. of spikelets per spike. However, the F 2 M 2 population recorded highest PCV and GCV for days to 50% flowering and thousand grain weight. Higher variation for no. of tillers per plant, grains per spike and 1000 grain weight in F 2 M 2 populations as compared to F 2 population was observed. Among F 2 and F 2 M 2 populations, higher values for GCV and PCV were obtained in F 2 population for plant height, spike length and no. of spikelets per spike. The PCV and GCV values in case of M 2 populations were at par with the F 2 population for number of productive tillers per plant, and yield per plant. While, the PCV and GCV values for characters like days to 50% flowering, plant height, number of productive tillers per plant and spike length in M 2 were at par with F 2 M 2 populations, indicating non-cumulative effect of mutations in F 2 M 2 populations. But some characters like productive tillers per plant, number of grains per spike and grain yield per plant showed higher GCV and PCV values in F 2 than F 2 M 2 population. Mutagenesis of F 1 offered no greater advantage for some traits. The variability generated depended to a large extent on the parental genotype and traits under study than the method of generation of variability [15] .
High heritability was noticed in F 2 M 2 populations compared to their corresponding F 2 populations for days to 50% flowering and number of productive tillers per plant. Increase in magnitude of heritability was also observed in mutagen treated F 1 s for different The genetic advance over mean was high for the traits productive tillers per plant and grain yield per plant in all the segregating populations and for 1000 grain weight in some populations. The priority should be given to those traits, which recorded higher estimates of genetic advance as per cent mean with high heritability for realizing better gain through selection.
Highly significant positive association of spike length with number of spikelets per spike and number of grains per spike in all the segregating populations, except F 2 M 2 (EMS), spike length with yield per plant in F 2 and number of productive tillers per plant with yield per plant in M 2 population (EMS) of the parent DDK 1025, spike length with yield per plant in the M 2 (γ ) population of HD 4502 was observed (Table 4) . Similar results of significant positive association of grain yield per plant with other traits have been reported [25] [26] . Plant height with yield per plant showed high negative association in the populations F 2 and F 2 M 2 (EMS). This should provide an opportunity to select high yielding types even with reduced plant height. The most important balancing characters are number of productive tillers per plant, spike length, number of spikelets per spike and number of grains per spike, which had positive association with yield in the untreated populations, which otherwise desirable and not disturbed by the mutations. The positive association noticed in the F 2 was strengthened in some treated populations. In general, the treatment of parental as well as crossed seeds exhibited shift in the correlations among the characters of interest in either directions and selection should be exercised in such a population, where desirable recombinations lead to higher seed yield in tetraploid wheat. It has been reported that increase in the magnitude of correlations may be due to breaks in coupling phase linkage. The variability generated through mutation or recombination alone is not sufficient to change the undesirable linkages. It has, therefore, been proposed that mutagenesis should be applied to supplement the variation generated by hybridization. Alternatively, irradiations might induce point mutations, enhance the chiasmata formation among the closely linked genes facilitating release of new variation in the existing gene assemblage, which could be measured in the form of shifts in associations of characters from the normal. By and large, EMS and γ -rays treatment was useful in creating new variability in six treated segregating populations. Results of the present study do not totally support the cumulative effect of induced and recombination variability. However, mutation supplements recombination variability resulting in the shift in correlations between several characters.
The path analysis indicated that the trait days to 50% flowering exhibited high direct positive effect on yield at phenotypic level (Table 4) in all the populations, except M 2 (γ ) of DDK1025 and M 2 (EMS) of HD4502. Hence, direct selection of genotypes for grain yield through days to 50% flowering could be effective in these populations. Plant height showed negative direct effect on grain yield in the populations M 2 (γ ) of DDK1025, F 2 M 2 (EMS) and F 2 (DDK1025 x HD4502). This association could be used in the development of semi-dwarf varieties. In the populations F 2 M 2 (γ ), M 2 (γ ) of HD4502, M 2 (EMS) of HD4502 and M 2 (EMS) of DDK1025 high direct effect of plant height on yield positive direct effect of spike length and thousand grain weight was exhibited on yield in the M 2 (γ ) population of HD4502, spikelets per spike and thousand grain weight in M 2 (γ ) of DDK1025, spike length and number of spikelets per spike in F 2 M 2 (EMS) and F 2 populations [25] .
Even though, the segregating populations are usually assessed using their means and variability, these parameters alone will not indicate the worth of different populations for isolation of potential genotypes. In the present study good number of potential genotypes was identified mainly for grain yield and its component traits in different segregating populations on the basis of superior performance of progenies over the parental mean in desirable direction (Table 5 ). In general, the number of potential genotypes varied considerably across the traits and populations. The F 2 M 2 (γ ) population showed higher number of potential genotypes compared to F 2 population for all the traits, which may be due to radiation effects of mutagens on genes, breakage of tightly linked regions or crossing over within these regions and enhanced recombination, individual or a combination of two or more of these effects. The identified potential individuals are to be was observed. Number of productive tillers per plant exhibited the highest positive direct effect on yield in populations M 2 (EMS) of DDK1025, F 2 M 2 (EMS) and F 2 (DDK1025 x HD4502). Magnitude of direct effect is by far less than that of phenotypic correlation coefficient indicating importance of other traits via which tillers per plant contributed to yield. Strong positive direct effect of number of tillers per plant with grain yield was reported earlier [25] . The highest advanced to try them on large scale plots for further confirmation of the yield potentiality and quality characteristics.
